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(54)    Bipolar power device having an integrated thermal protection for driving electric loads 

(57) A mpnollthically integrated power device for 
driving electrical loads comprises a power stage (1) 
including a high-voltage bipolar transistor (TR1) and a 
tow-voKage auxiliary transistor (M or TR2) cascade- 
connected and inserted between a first power supply 
terminal (C) and a second power supply terminal (S) of 
the device. The power device also comprises a driver 
circuit (4) for the power stage (1) haying an input con- 
nected to an input terminal (IN) of the device. 

In accordance with the present Invention the device 
includes a circuit (3) for protection thereof against an 
excessive temperature rise and controlling power down 
of the power stage (1). It comprises specifically a tem- 
perature sensing circuit (5) which generates a signal 
dependent on the temperature present in the device, a 
comparator circuit (6) which receives this signal and 
compares it with a reference voltage (VREF) and at 
least a first switch circuit (11) generating an interdiction 
signal when the temperature in the device exceeds a 
preset maximum value and which is interlocked with an 
output of the comparator circuit and connected function- 
ally through its output to the power stage. 

The device is advantageously usable e.g. in a fluo- 
rescent lamp driving circuit, that is to say the so-called 
"lanp ballast". 

Q. 
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Description 

Field of application 

The present invention relates to a bipolar power 
device having an integrated thermal protection for driv- 
ing electrical loads. 

In particular the power device conprises a power 
stage including a high-voltage bipolar transistor and a 
bipolar or MOS type low-voltage auxiliary transistor con- 
nected in cascade. A circuit for driving the power stage 
is also included in the device. 

By way of non-limiting example explicit reference is 
made in the following description to a fluorescent lamp 
or tube driving system comprising a pair of power 
devices of the type described above. 

Prior art 

As well known, power devices are normally used for 
driving electrical loads. In numerous applications and 
within the scope of the present invention the power 
device consists of a three-terminal integrated compo- 
nent. 

The present invention relates In particular to a bipo- 
lar power device. This type of device is used e.g. for 
high-voltage applications, even on the order of hun- 
dreds of volts and, in whicli a MOS power device cannot 
be used, A prefen-ed application of this three-terminal 
device is e.g. a fluorescent lamp or tube driving system. 

In the power device are normally integrated mono- 
lithically a power stage and a corresponding driver cir- 
cuit which controlls power up and down of the power 
stage depending on an applied external signal. 

One shortcoming which can occur during operation 
of a power device is accidental temperature rise inside 
the device. This tenperature rise can be due to a multi- 
plicity of causes. For example, malfunctioning of the cir- 
cuit driving the power stage causes an excessive power 
dissipation and hence a further temperature rise. Some- 
times damage of the cooling system, or more sinply 
temperature increase in the surrounding due to the 
presence of heat, sources produces a substantial inter- 
nal temperature increase. Operation of the device in 
these cases can be compromised. Sometimes its dam- 
age is such as to make it unusable. 

In the area of three-terminal bipolar power devices, 
to protect against excessive temperature rise so as to 
avoid the above mentioned shortcomings, apparatuses 
external to the device are commonly used. In a fluores- 
cent lamp or tube driving system is used a mechanical 
protection device, known to those skilled in the art as 
solder spot. The latter comprises a mechanical appara- 
tus mounted on the power device package. Usually this 
apparatus consists of a pair of facing metal reeds hav- 
ing a known thermal behaviour and Is placed above the 
heat sink connected thermally to the device. The 
mechanical apparatus acts as a temperature sensor 
and as a protection. Upon the occurrence of reaching 

an alert temperature, i.e. as soon as the temperature in 
the power device exceeds a predetermined maximum 
value, it intervenes to disconnect a power supply termi- 
nal of the device from the electrica.1 power line of the 

5 system. 

This type of thermal protection exhibits however 
numerous drawbacks. e.g. poor accuracy of the operat- 
ing temperature and slow intervention. In addition, the 
protection apparatus increases the overall dimension of 

10 the power device and contributes to increasing consicl- 
erably the cost of the system for the user. 

The technical problem underlying the present 
invention is to conceive a bipolar power device having 
precision and speed of operation as soon as the tem- 

15 perature exceeds a predetermined maximum value and 
at the same time effective under ariy operating condi- 
tions and for any application. e.g. for a f iubresoent lamp 
driving circuit 

One purpose of the present in\^enton is also that of 
20 achieving a thermal protection for tlie bipolar power 

device permitting reduction of the space occupied by 
the device and drastic reduction of application costs. 

Summarvofthe invention 

In accordance with the present invention a mono- 
lithically integrated power device for driving dectrical 
loads comprises a power stage ind LJding a high-voRage 
bipolar transistor inserted between et first power supply 

30 terminal and a second power supply terminal of the 
device and having at least one control temiind* In par- 
ticular the power stage also comprises a low-voltage 
auxiliary transistor cascade connected to said high-volt- 
age transistor. This auxiliary transistor can be either 

35 MOS or bipolar without distinctiori- The power deirtce 
also comprises a driver circuit of the power stage having 
at least one output connected to the power stage control 
terminal and an input connected to an input terminal of 
the device. 

40 In accordance with the present invention the device 
includes a circuit for protection thereof against exces- 
sive temperature rise. 

The thermal protection drcuit oontrols power down 
of the power stage. It comprises specifically atempera- 

45 ture sensing circuit which generates at its output a sig- 
nal dependant on the temperature present in the device, 
a comparator circuit which receives this signal and com- 
pares it with a reference voltage dnd at least a first 
switch circuit which generates an interdiction signal 

so when the tenperature in the device exceeds a predeter- 
mined maximum value and is inter looted with an output 
of the comparator circuit and functionally connected 
through its output with the power s-tage. In practice the 
first switch circuit is preferably connected to the knv-volt- 

55  age auxiliary transistor. 
In accordance with a preferred embodiment d the 

present invention, the thermal protection circuit com- 
prises in addition a second SA/itch circuit inserted 
between the comparator drcuit output and a control 
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node of said driver circuit and Interlocked with the out- 
put of the comparator. 

In accordance with the present invention in addition 
in the device preferably the driver circuit and the thermal 
protection circuit are both fed by said input terminal. 

Preferably in the device the reference voltage is 
generated by a circuit also integrated inside it. This cir- 
cuit can be of the type already used commonly in the 
prior art for generating a voltage independent of temper- 
ature. 

On the basis of the solution idea underlying the 
present invention the technical problem is solved by a 
monolithically integrated bipolar power device for driv- 
ing electrical loads, of the type desaibed above and 
defined in the characterizing part of claim 1 and follow- 

ing. 
The characteristics and advantages of the power 

device in accordance with the present invention are set 
forth in the description of an embodiment thereof given 
below by way of non-limiting example with reference to 
the annexed drawings. 

Brief descri|r)tifin ftf drawings 

In the drawings: 

FIG. 1 shows a block diagram of a bipolar power 
device with integrated thermal protection in accord- 
ance with the present invention, 

FIGS. 2 and 3 show block diagrams of the power 
device in accordance with the present invention, in 
which the power stage comprises a high-voltage 
bipolar transistor connected in cascade with a low- 
voltage auxiliary transistor, 

FIGS. 4a and 4b show two embodiments of the 
driver circuit respectively for the two power stages 
diagrammed in the two preceding FIGS.. 

FIG. 5 shows a preferred embodiment of a circuit 
for generating a reference potential independent of 
temperature, 

FIG. 6 shows a prefen^ed embodiment of a sensing 
circuit and a comparator circuit. 

FIG. 7 shows an electrical diagram of a first and 
second switch circuits, and 

FIG. 8 shows an application of the device in accord- 
ance with the present invention to a fluorescent 
lamp driving system. 

D^tail^d degcriptior) 

FIG. 1 shows a general block diagram of a bipolar 
power device with thermal protection for driving electri- 
cal loads and provided in accordance with the present 

invention, the device is monolithicaily integrated and 
has three terminals for electrical connection, namely a 
first and second power supply ternnlnals and an input 
tenninal respectively indicated by the letters C, S and 

5 IN. 
The device comprises a bipolar power stage, indi- 

cated in the figure by block 1, which carries out the func- 
tion of driving an electrical load connected thereto. The 
power stage 1 is inserted between the first power supply 

10 tenninal C and the second power supply tenminal S. A 
control terminal DR of the power stage pennits its driv- 
ing. The contror terminal DR can represent e.g. the 
base terminal of the power transistor. 

Included in the device and connected to the power 
IS stage, and specifically to the control terminal DR of that 

stage, is another logic drcuitry which establishes and 
controls its power up and down. 

The logic circuitry comprises a driver stage 2 which 
establishes completely the electrical stated conduction 

20 or interdiction of the power stag e under non-critical tem- 
perature operating conditions. HThe driver stage 2 com- 
prises essentially a driver circuit 4 and is inserted 
between the control terminal OR of the power stage 1 
and the input terminal IN in sucH a manner as to couple 

25 the power stage to ttie above mentioned input terminal. 
In accordance with ttie present invention, integrated 

monolithically in the device is a thermal protection cir- 
cuit, enclosed by the broken line indicated in the figure 
by reference number 3. The thermal protecfion circuit 3 

30 acts functionally on tiie power stage 1 and in the pre- 
fenred embodiment of tiie present invention shown in 
the figure is fed by ttie input terminal IN. The function of 
the tiiermal protecfion drcuit is to permit self-power 
down of the device. 

35 In the thermal protection circuit 3 are specifically 
included the following drcuit blocks, namely a tempera- 
ture sensing circuit 5, a comparator circiflt 6, a block 
representing at least one switch circuit 7 and a circuit 8 
for generating a reference potential VREF. 

40 The temperature sensing circuit 5 generates at its 
output a voltage signal dependent on ttie temperature 
present in the device. Preferably this signal is diosen In 
such a manner as to change linearly with temperature. 
Commonly in accordance with the prior art, the temper- 

45 ature dependence of the voltage drop at ttie ends of a 
directly biased base-emitter junction of at least one tran- 
sistor integrated in tiie drcuit and used as a sensor is 
utilized, as explained below. 

The comparator drcuit 6 has a first input connected 
so to the sensing circuit 5 to receive the atx)ve mentioned 

temperature-dependent signal, a second input con- 
nected to a node REF of the device kept at the refer- 
ence potential VREF. The comparator circuit 6 also has 
an output connected functionally to the switch drcuit 7. 

55 The switch circuit 7 is inserted between the output 
of the comparator circuit 6 and the control temiinal DR 
of the power stage 1 and is interlocked with the output of 
the comparator circuit to control power doyvn of the 
power stage. 
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In accordance with the present invention in addition 
preferably the driver circuit 4 and the thermal protection 
circuit 3 are both fed by the input terminal IN. 

As shown in FIG. 1 the circuit 8 generates inside 
the device the reference potential VREF independent of 
the temperature through an output thereof connected to 
the node REF. Power supply of the circuit 8 takes place 
preferably from the input terminal IN of the device. 

The power device operates as follows. 
During use of the device, to one of the two power 

supply terminals C and S is usually applied a constant 
voltage, while on the other is normally applied a load. To 
the input terminal IN is applied a variable external sig- 
nal. The driver circuit 4 controls alternately power up 
and down of the power stage 1 depending on the signal 
applied to the input terminal IN. When the signal 
received by the driver circuit from the input terminal IN 
takes on a maximum value, i.e. for example is positive, 
the driver circuit supplies a current to the control termi- 
nal DR, i.e. to the base of the power transistor which in 
this case is put on. On the contrary if the signal at the 
input terminal IN has a minimum value, i.e. for example 
the terminal is applied a zero or negative potential, the 
power transistor is switched off. 

Under normal operating conditions, i.e. as long as 
the temperature does not exceed a predetermined max- 
imum value, the thermal protection circuit 3 is off and 
does not influence operation of the power stage 1. 
which is completely determined by the driver circuit 4. 
Indeed, the value of the voltage generated by the tem- 
perature sensing circuit 5. and applied in particular to 
the first input of the comparator, is greater than the con- 
stant reference value VREF present at the node REF 
The output of the comparator circuit 6 is therefore high. 

If the temperature increases accidentally, the value 
of the signal generated by the temperature sensing cir- 
cuit 5 and variable monotonically with the temperature 
decreases gradually and gets near the reference value 
VREF. When the temperature reaches a maximum pre- 
set value, the comparator circuit 6 switches and causes 
intervention of the thermal protection circuit 3. 

The temperature sensing circuit 5 parameters are 
chosen in such a manner that exactly con-esponding to 
said temperature value the value of the voltage gener- 
ated by the circuit equals the value of the reference volt- 
age preset and generated by the reference circuit 8. 
When the two voltage values are equal, both the inputs 
of the comparator circuit 6 are at the same potential and 
the circuit 6 switches. The comparator circuit 6 in turn 
takes into conduction the switch circuit 7. The latter has 
the function of turning off the power stage 1. by generat- 
ing an interdiction signal and applying it to the control 
terminal DR. 

Within the scope of the present Invention, the bipo- 
lar power stage is advantageously of the type compris- 
ing a high-voltage bipolar transistor and a low-voltage 
auxiliary transistor cascade-connected This low-voltage 
auxiliary transistor, which facilitates driving of the high- 
voltage transistor, can be MOS or bipolar without dis- 

tinction. It is to these configurations denominated oom- 
monly "emitter-switching** that the present invention 
relates. 

With reference to FIGS. 2 and 3 there are shovm in 
5   order the two above mentioned cases for implementing 

the power stage 1. In these FIGS, are shown the same 
reference numbers and symbols as in FIG. 1 for equal 
blocks and elements. 

As shown in these FIGS, the power stage 1 
10 includes an npn bipolar power transistor TR1 and a bw- 

voltage MOS transistor or a low-voltage bipolar transis- 
tor, indicated by M and TR2 respeotively in FIG. 2 and 
FIG. 3. The two transistors are inserted in cascade 
between the first and the second power supply termi- 

is nals. C and S, of the device. A diode DO is also con- 
nected in reverse bias between the first and second 
power supply terminals, C and S, in parallel with said 
transistors. 

As may be seen in FIGS. 2 and 3 the power stage 1 
20 includes in practice two control nodes, namely a first 

control node DR1 constituted by the base of the power 
transistor TR1 and another control node identified by 
the symbol DR2 which coincides with the auxiliary tran- 
sistor control node, respectively the gate of the transis- 

25  tor M or the base of the transistor T R2. 
The driver circuit 4 acts functionally on both the 

transistors of the power stage. Indeed it is corviected 
through its output to both the control rKxIes DR1 and 
DR2 of the related transistors. Power up and down of 

30 the two transistors are controlled simultaneously by 
connecting their control nodes D 1=^1 and DR2 to the 
power supply terminal through the driver circuit 4. In 
other words the latter supplies the current in the base 
necessary for turning on the bipolar transistors TR1 and 

35 TR2, or it permits the charge of thie transistor gate M, 
when the potential applied to the input terminal IN takes 
on a positive value. 

The functional connections of the thermal protec- 
tion drcuit 3 and in particular of the final block which 

40 exercises control over the power stage 1, i.e. of the 
switch circuit 7, are shown specifically in FIGS. 2 and 3. 

In practice the switch circuit 7 directly controls 
power down of the auxiliary transistor, since it is con- 
nected through a first output thereof to the control node 

45 DR2. it is noted that advantageousi y power down of the 
power stage takes place specifically by taking into inter- 
diction the auxiliary transistor and not the power transis- 
tor directly. This allows decreasing the switching time of 
the device. 

50 In accordance with a prefeaed embodiment of the 
present invention as shown in FIGS. 2 and 3 and differ- 
ently from the generic diagram of ^\G, 1 the switdi cir- 
cuit 7 also has a second output functionally connected 
to the driver circuit 4. The interdiction signal supplied by 

55 the switch circuit 7 if the internal temperature of the 
device reaches the above mentioned maximum prede- 
termined value, as discussed above, for turning off the 
power stage 1. acts therefore both on the auxiliary tran- 
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sistor TR2 or M and on the driver circuit 4. In this man- 
ner a double control is exercised. 

Anyway in principle tt would suffice that the switch 
circuit 7 act directly only on the power stage 1, even 
though in this case it would be necessary to oversize 
the thermal protection circuit 3 to allow for the current 
which in any case would be supplied by the power sup- 
ply terminal IN through the driver circuit 4 turned on. 

The configuration shown in FIG. 2 in which the aux- 
iliary transistor is of the MOS type, is particularly advan- 
tageous. The auxiliary transistor M allowvs achieving 
high performance in the transitory phases, i.e. at the 
moment the power stage 1 is switched on or off. 

In comparing the embodiment of FIG. 3, containing 
in the power stage 1 a bipolar transistor TR2, with the 
configuration containing the MOS of FIG. 2, the follow- 
ing phenomena should be considered. Current absorp- 
tion by the input terminal for driving the power stage 1 is 
greater in the former case because for turning on the 
transistor TR2 it is necessary to supply to its base a not 
negligible driving current, in addition there must be con- 
sidered the so-called storage time for the transistor 
TR2, i.e. time for storing the charge at the related con- 
trol node. 

With particular reference to a preferred embodi- 
ment of the driver stage 2 and the thermal protection cir- 
cuit 3, in FIGS. 4a. 4b, 5, 6 and 7 the individual blocks 
are shown separately for clarity. 

In FIGS. 4a and 4b are shown electrical diagrams 
of a driver circuit indicated as a whole similarly to the 
previous FIGS, by reference number 4. FIG. 4a relates 
precisely to a preferred embodiment for the case of the 
auxiliary transistor M. while FIG. 4b shows an adapta- 
tion of the same embodiment to the case where the aux- 
iliary transistor is bipolar, i.e. TR2. 

With reference to FIG. 4a the driver circuit 4 com- 
prises a resistor R1 connecting the base DR1 of the 
power transistor TR1 (not shown in this FIG.) to the 
input terminal IN. To drive the auxiliary transistor M the 
driver circuit 4 in the preferred embodiment includes a 
pnp transistor T1 inserted between the control node 
DR2 of the transistor and the input terminal IN of the 
device. To a control node of the transistor T1 are con- 
nected a resistor R3 and an npn transistor T2. Another 
resistor R2 is inserted between the input terminal IN 
and a control node SW of the driver circuit 4. to which is 
also connected a base terminal of the transistor T2. The 
resistors R2 and R3 and the transistors T1 and T2 allow 
driving of the auxiliary transistor M. 

Differently from FIG. 4a, FIG. 4b comprises another 
resistor R20 in series with the transistor T1 and inserted 
in series with the resistor R2 between the input terminal 
IN and the control node SW of the driver circuit 4. The 
presence of this resistor allows accurate regulation of 
the curent supplied to the base terminal DR2 of the 
bipolar transistor TR2 by the input terminal IN. 

The driver circuit 4 of FIGS. 4a and 4b keeps on the 
high-voltage bipolar transistor TR1 and the low-voltage 
auxiliary transistor TR2 or M. when an adequate posi- 

tive voltage js applied to the input terminal IN of the 
device. The current at the base DR1 of TR1 is supplied 
through tiie resistor R1. The base of T2 is oonnected to 
tiie terminal IN through the resistor R2 and receives a 

5 current such as to take it into saturation. Once T2 is 
turned on, through R3 flows a cu rrent which switches T1 
on. The control node DR2 is thus at the potential of the 
terminal IN without the saturation voltage of T1 in the 
case of auxiliary MOS transistor M, while it at the con- 

10 duction potential of the transistor T1 In case of a bipolar 
auxiliary transistor, i.e. TR2. ComsequenUy the auxiliary 
transistor is turned on. 

In FIG. 4a furthermore the presence of the diodes 
D2 and DZ which are connected respectively in forward 

IS and reverse bias between the control node DR2 of the 
auxiliary transistor M and tiie ground nodeGND permits 
protection of the transistor from possible overvoitages. 

If the power device is used e.g. in a fluorescent 
lanp driving system in which, as darified below in 

20 detail, two equal power devices operate alternately, dur- 
ing a certain length of time the power device must be 
turnedoff. In this case on the inputternteal IN is applied 
a potential less than or equal to zero. The high-voltage 
bipolar transistor TR1 no longer receives current at its 

25 base terminal DR1. On the other harxi the auxBiary tran- 
sistor is off because the node DR2 is grounded. The 
charge accumulated at the node DR2 discharges 
through the diode D1, which is connected in parallel 
with the transistor T1 and which prevents the node D R2 

30 from keeping the potentiat of the input terminal IN 
reached during turn-on phase. .Advantageously turn off 
of the auxiliary transistor consequently causes switch 
off of the high-voltage transistor TR1 which therefore 
takes place more rapidly. Elimination of the charge at 

35 the base DR1 of TR1 accumulated during the previous 
on phase is made even fester b V the diodes D3, D4 and 
D5. connected in series between the base node DR1 
and ground GND. In FIGS. 4a and 4b are shovm three 
of these diodes but their nuntber could of course be dif- 

40 ferent. 
The control node SW of th^ driver circuit 4 together 

with the node DR2 of the auxiliary transistor is the point 
where the thermal protection circuit 3 takes effect. 

It should bei remembered tinat the circuit elements 
45 T1, T2, R2 and R3, inserted between the control node 

D R2 of the auxiliary transistor and the input terminal IN, 
and in particular the transistor HTI, perform the function 
of decoupling the transistor from the above mentioned 
terminal. This permits facilita.t:ing and speeding up 

50 power down of the device in ca.se of excessive temper- 
ature increase, as better described below, even if on the 
input terminal IN there is the above mentioned maxi- 
mum voltage. However an equivalent circuit could be 
provided differently although v\^ith the same purpose. 

55 For example the transistor T1 v/hich fuWfls the role of 
directly controlling switch on of the auxiliary transistor 
could be replaced by a generio switch fed tythe input 
terminal IN and coupled to the control nodeSW of the 
driver circuit. 
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The preferred embodiment of the blocks making up 
the thermal protection circuit 3 is shown in FIGS. 5. 6 
and?. 

In the preferred ennbodiment illustrated in FIG. 5 a 
circuit 8 for generating a reference potential in accord- 
ance with the present invention is of the so-called band- 
gap type, commonly used in the present-day art. It 
supplies to the node VR a steady voltage independent 
of temperature and also independent of input voltage. 
The circuit 8 is fed by the input terminal IN through an 
input stage comprising a current mirror T3-T4 and the 
resistors R4, R5 and R6. 

Compensation for the voltage with temperature 
change takes place by means of a current min'or T5-T6 
and a transistor T8. The base-emitter voltage VBE of 
the transistor T8 varies with temperature in accordance 
with a known relation. On the other hand as known the 
difference between the base-emittier voltages of two 
transistors configured as current mirrors varies 
inversely to the temperature. In the case of FIG. 5 the 
transistors T5 and T6 are realized appropriately with dif- 
ferent values of VBE. 

The potential at the base B of tiie transistor T7 rep- 
resents the adjusted voltage. In particular this voltage 
depends on the base-emitter voltage of ttie transistor T8 
and on the potential drop on the resistor R8. This last 
potential drop is dependent on the resistor value of R8 
and on the cun-ent flowing through rt. which in turn 
depends on the difference between the VBEs of the 
transistors T5 and T6 and on the value of the resistor 
Rio. Temperature compensation takes place by choos- 
ing appropriately the parameters in such a manner as to 
achieve a value independent of temperature. 

The voltage is however effectively drawn from the 
generator circuit 8 at the output node VR. This voltage 
represents therefore a partition, through the divider con- 
sisting of the resistors R9 and R11, of the voltage at the 
node B without the base-emitter potential drop of the 
transistor T7. The node VR permits having advanta- 
geously an output with lower impedance and therefore 
better suited to driving of successive drcuit blocks. 

The circuit shown in FIG. 5 is shown by way of 
example but could easily be nrKXiified by one skilled in 
the art. 

The power device in accordance with the present 
invention allows effective integration of a very simple 
bandgap circuit like the one described above. 

FIG. 6 shows the electrical diagram of a tempera- 
ture sensing circuit 5 and a conparator circuit 6. As 
known, in tiie pretended embodiment the two circuit 
blocks 5 and 6 are incorporated together in a single dif- 
ferential stage. The sensor/comparator circuit of FIG. 6 
includes two identical branches connected through the 
stable node VR and respectively a first and second out- 
puts C1 and C2. The reference voltage generated by 
the circuit 8 and illustrated e.g. in FIG. 5 is applied by 
means of the resistors R12 and R13 to the bases of the 
transistors T9 and T10. The emitters of tiie two transis- 
tors are connected to ground i.e. to the node GND. On 

the other hand the base-emitter junctions of thetransis* 
tors T9 and T10 define potential drops equal and varia- 
ble with the temperature present in the device. This 
potential drop value is compared witti the voltage prede- 

5 termined by the generator circuit 8 at the ends of the 
junctions. When the two values are equal ttie two 
branches are activated. The transistors T9 and T10 
therefore carry out the dual function of thermal sensor 
and comparator. The refjerence voltoge value is chosen 

10 appropriately to take into conduction the above men- 
tioned transistors when ttie temperature in the device 
reaches the maximum preset value. 

The circuit illustrated in FIQ. 6 represents an 
embodiment of the blocks 5 and 6 particularly advanta- 

15  geous and simple to implement. 
FIG. 7 shows a first and second switch drcuils 11 

and 12 indicated above as a whole i ri FIGS. 2-3 witti the 
single functional block 7 as described al3ove in detail. 

The first switch circuit II is inserted between the 
20 second output C2 of the sensor/comparata drcut and 

tiie control node DR2 of tiie auxiliary transistor. It acts 
on the auxiliary transistor to cause Its interdiction in 
case of an excessive temperature increase, as 
explained below. The first switch circuit 11 comprises a 

25 pair of transistors T13 and T14 driv^en in succession by 
the node C2. The second switch circuit 12 is inserted 
between the first output C1 of the sensor/comparator 
circuit and the control node SW of the driver circuit 4 to 
control its power down under critical temperature condi- 

30  tions. The switch circuit 12 is provided in a manner sinni- 
lar to that of the switch circuit II   and conprises the 
transistors T11 and T12. Preferably the switch circuit 12 
is also fed from the input terminal IN of the device. 

It is observed that the circuit diagram of FIG. 7 
35 includes both the switch circuits. The necessity of imple- 

mentation of both the switch drcuits withm the scope of 
the present invention has already been discussed 
atx>ve. 

Operation of the thermal protection drcuit as 
40 achievable from the combination of the circuit represen- 

tations of the FIGS. 4a or 4b, 5, 6 and 7 if the device 
temperature reaches the above mentioned critical value 
is as follows. When the threshold voltage of the sen- 
spr/comparator circuit which decreases with tempera- 

45 ture by a known relation equals the value of the 
reference potential VR the transistors T9 and T10 go 
into conduction together and simultaneously. At this 
point the first and second switch circuits II and 12 are 
turned on. In particular the turn on of the transistor T9 

50 causes conduction of the transistor T11 which supplies 
to T12 a current sufficient to tal<e it into saturation. On 
the other hand from the turn on of the transistor TIO 
there follows that of the transistor which supplies to 
the transistor T14 a current sufficient to send it into sat- 

55 uration. The transistor T12 of the second sWitdi drcuit 
12 acts on the driver circuit 4 and sp ecif ically on the tran- 
sistor T2 to take it into interdiction. In this manner con- 
nection of the control node DR2 of the auxiliary 
transistor TR2 or M with the input terminal IN is inter- 
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rupted because of the turning off of T1 resulting from 
interdiction of the transistor T2. The transistor T14 
which represents the output of the first switch circuit 
also acts on the node DR2 to cause interdiction of the 
auxlliary transistor. 

Switch off of the bipolar power transistor TR1 is 
caused by the interdiction of the auxiliary transistor TR2 
or M and not directly by the logic circuitry. 

Attention is drawn to the presence in the driver cir- 
cuit 4 of circuit elements allowing rapid discharge of the 
charges present at the base of the power transistor 
TR1. These permit improvement of the switching times 
for self-power down of the device under critical temper- 
ature conditions even when the voltage applied to the 
input terminal IN is not zero. 

FIG: 8 shows a prefenred embodiment of applica- 
tion of the bipolar power device with temperature pro- 
tection, in accordance with the present invention as 
described above, to a fluorescent lamp driving system. 
The circuit of FIG. 8 is known to those skilled in tiie art 
as lamp-ballast In FIG. 8 LAMP indicates a fluorescent 
lamp. A simplified circuit Ibr driving of the lamp LAMP 
comprises a transformer having a primary winding P in 
series with the lamp LAMP, and with an inductive load L 
and a capacitor C. Two bipolar power devices repre- 
sented by blocks both indicated by the letter A are 
inserted in series between a first and second power 
supply lines VA and VB. A first and second secondary 
windings SI and S2 of the transformer are in parallel 
with tiie two blocks, respectively with the tower and 
upper blocks. An intermediate terminal between the two 
blocks A is connected to tiie primary winding R The 
driving circuit comprises also a striking circuit of known 
type. The striking function is fulfilled essentially by a 
diode DIAC connected to the lower block A. The circuit 
also comprises the circuit elements D20, R21 and C20 
connected tiirough a rectifier between the power 
devices A and an alternating input current line. 

In practice the alternating input current is rectified 
and stabilized on the capacitor C10. Sti-iWng of the 
lower block A takes place by means of the diode DIAC 
which receives current from a circuit RC connected in 
parallel with the capacitor C10 and comprising the ele- 
ments C20 and R21. The diode D20 disables tiie strik- 
ing circuit. 

The lamp-ballast circuit is a self-oscillating drcuit 
witii half-bridge. The current is switched for a half-period 
onto tiie lower block A and for the otiier half-period onto 
the upper block A by means of the secondary windings 
SI and S2 which are inverted-phase operated. 

The application requires fast switching of the power 
devices A to reduce losses. For tiiis application it is 
therefore preferable to provide a device having a power 
stage in the configuration of FIG. 3. The use of such a 
configuration including an auxiliary MOS ti-ansistor per- 
mits achieving high performance in the switching phase 
and especially lower storage times. 

The power device in accordance with the present 
invention also permits advantageously reduction of the 

IS 
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25 

number of components which ttie user must include in 
the application circuit conpared with the case in which 
a power device without integrated thermal protection is 
used. 

5 Of course modifications ia.nd variations can be 
made to the bipolar power device described above by 
way of npnlimiting example all however falling within the 
protective scope of tiie following claims. 

10 Claims 

Monolithically integrated bipolar power device for 
driving electrical loads, characterized in that it com- 
prises: 

- a power stage (1) induding a high-voltage bipo- 
lar transistor (TRi) inserted between a first 
power supply terminal (C) arid a second power 
supply tenminal (S) of thie device, and having at 
least one control terminal (DR), 

- a driver drcuit (4) of the power stage having at 
least one output connected to the control termi- 
nal (DR) of the power stage (1) and an input 
connected to an input terminal (IN) of the 
device, and 

- a thermal protection circuit (3) incorporating: 

a) a temperature sensing circuit (5) for 
generating a signal dependent on the tem- 
perature present in the device, 

b) a comparator circuit (6) having a first 
input connected to the temperature sens- 
ing circuit to receix^e said signal, a second 
input connected to a node (REF) kept at a 
reference potential independent of temper- 
ature and at least one output, and 

c) at least a first switch drcuit (11) con- 
nected between said output of the compa- 
rator drcuit (6) and the control terminal 
(DR) of the power stage (1) and interlocked 
with the output of the comparator (6) to 
generate at its out|3ut a cut off signal when 
the device temperature exceeds a preset 
maximum value. 

Device in accordance withi claim 1 in which said 
power stage (1) includes a low-voltage auxiliary 
transistor (TR2 or M) cascade-connected to said 
high-voltage transistor (TR2), characterized in that 
said first switch circuit (11) is connected to a control 
node (DR2) of said auxiliary transistor (TR2 or M). 

Device in accordance with claim 2, characterized in 
that it comprises furthermore a second switch cir- 
cuit (12) inserted between tine output of the compa- 
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rator circuit (6) and a control node (SW) of said 
driver circuit (4) and interlocked with the output of 
the comparator (6). 

4. Device in accordance with claim 3. characterized in s 
that said driver circuit (4) comprises, between the 
input terminal (IN) of the device and the auxiliary 
transistor (TR2 or M). means for decoupling the 
auxiliary transistor (TR2 a M) from said terminal 
(IN) when on the terminal is applied a predeter- io 
mined voltage, said means having a control node 
connected to a control node (SW) of the driver o'r- 
cuit. 

5. Device in accordance with claim 4, characterized In is 
that sad means for decoupling comprise at least 
one switch (T1) connected to a control node (DR2) 
of the auxiliary transistor (TR2 or M) and having a 
control node coupled to said control node (SW) of 
the driver circuit (4). 20 

6. Device in accordance with claim 3, characterized in 
that said second switch circuit (12) is fed through 
said input terminal (IN) of the device. 

7; Device in accordance with claim 6, characterized in 
that said first switch circuit (II) and said second 
switch circuit (12) comprise respective input transis- 
tors ((T13,T11) interlocked with respective outputs 
of said comparator circuit (C2,C1) and respective 30 
output transistors (T14,T12) controlled by said input 
transistors (T13,T11) and connected respectively to 
the control node (DR2) of the auxiliary transistor 
(TR2 or M) and to a control node (SW) of said driver 
circuit (4). 55 

8. Device in accordance with claim 1. characterized in 
that said temperature sensing drcuit (5) and said 
comparator circuit (6) are incorporated in a single 
differential stage. 40 

9. Device in accordance with claim 8, characterized in 
that said differential stage comprises a first and 
second branches (T9,R12 and T10,R13) connected 
between said node kept at the reference potential 4S 
(VR) and said second and first switch circuits (12,11) 
and having respective junctions defining potential 
drops variable with temperature and connected in 
parallel between said node (VR) kept at the refer- 
ence potential and a constant voltage terminal so 
(GND), in such a manner that the first and second 
branches (T9.R12 and T10.R13) switch to conduc- 
tion when the temperature of the device exceeds 
said preset maximum value. 

55 
10. Device in accordance with claim 1. characterized in 

that it further comprises a circuit (8) for generating 
at said node the reference potential independent of 
temperature. 

11. Device in accordance with daim 10, characterized 
in that said circuit (8) for generating the reference 
potential is of the bandgap type. 

12. Device in accordance with daim 10, characterized 
in that said circuit (8) conpris^ a current mirror 
(T5-T6) fed by said input tennir^^l (IN) of thedMce 
and having an input branch receiving a first current 
proportional to an input current and an output 
branch through which flows a second current pro- 
portional to said first current, and a transistor (TS) 
controlled by said second current and connected to 
a reference node (B), wherein the >mriation with the 
temperature of the difference between the base- 
emitter voltages of said cun-ent mirror Is such as to 
compensate for the variation virith the temperature 
through the base-emitter juncticDn of said transistor 
(T8) in such a manner that the potential present on 
said reference node (B) is indei^endent of tenpera- 
ture. 

13. Device in accordance with claim 1, characterized in 
that said driver drcuit (4) and said themial protec- 
tion circuit (3) are fed by said ir-i put temfiinal. 

14. Circuit for driving a fluorescent lamp (LAMP) of the 
type comprising: 

a transformer having a prirTnary winding (P) in 
series with the lamp (LAN/IP) and a first and 
second secondary windings (Si ,S2), 

- a first and second bipdar- power devices for 
driving the lamp (LAMP), both ronnected in 
series between a first and second power sup- 
ply tines (VA,VB) and corinected in parallel 
respectively with the first and the second sec- 
ondary windings (S1,S2). an intermediate ter- 
minal between said bipolar power devices (A) 
being connected to said F>rinnary winding (P). 
and 

- a striking circuit (R21 ,C20. D IAC,D20) function- 
ally connected to said first and second power 
device (A) to activate thenn . 

characterized in that said first and second power 
devices (A) are provided in accsordance with daim 
1. 
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